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© Improvements relating to the fabrication of optical devices. 
©A relatively large scale low cost method of fabricating 
optica! devices with associated coupling l.ense comprising 
the following steps:- * 

a) producing in one surface of a substrate (1) of suitable 
materials(s) a predetermined array of planar diffused 
lenses (4); 

b) forming or otherwise producing on the opposite surface 
of the substrate (1) remote from the planar lenses (4) but 
in predetermined positional relationship to the lenses in 
the general planar direction of the substrate an array or 
pattern of metallic bonding pads or other registration 
means co-operable with corresponding pads or other 
means provided on a multiplicity of optical devices (10) 
for the accurate registration of such devices relative to 
the optical lenses; and, 

c) dividing the substrate (1 ) into a multiplicity of parts each ' 
of which comprises an optical device (10) having an 
associated planar lens (4). 
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IMPROVEME N TS RE LATI NG TO THE FABRICATION 
OF OPTICAL DEVICES 

This invention relates to the fabrication of optical 
devices, such as light-emitting diodes, photodiodes and 
photo-transistors, having associated lenses for optically 
coupling such devices to external optical means (e.g. 
optical fibres). 

The present invention is directed to a relatively 
large scale low cost method of fabricating optical devices 
with associated coupling lenses, said method comprising 
the steps of producing in one surface of a substrate of 
suitable material(s) a predetermined array of planar 
diffused lenses and forming or otherwise producing on the 
opposite surface of the substrate remote from said planar 
lenses but in predetermined positional relationship to 
said lenses in the general planar direction of the 
substrate an array or pattern of metallic bonding pads or 
other registration means co-operable with corresponding 
pads or other means provided on a multiplicity of optical 
devices for the accurate registration of such devices 
relative to the optical lenses, following which the 
substrate may be divided into a multiplicity of parts each 
of which comprises at least one optical device having an 
associated planar lens. 

For the purpose of bonding the optical devices to the 
substrate • the metallic bonding pads on the substrate and 
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the optical devices may be coated with solder and solder 
ref low/positioning techniques then employed to actually 
effect the bonding of the devices to the substrate. 

Before dividing the lens substrate, additional 
electronic components (e.g. field-effect transistors, 
integrated circuits and passive resistors and capacitors) 
may be bonded to a suitable interconnection pattern 
formed r as by thick or thin-film techniques, on the 
surface of the substrate remote from the planar lenses . 
Such electronic components may be appropriately packaged, 
encapsulated or otherwise suitably enclosed. After 
dividing up (e.g. sawing) the substrate assembly into 
individual opto-electronic devices the latter may be 
electrically connected to the leads of appertaining lead 
frames prior to final encapsulation by a plastics moulding 
technique with the lead wires extending from the 
encapsulated devices and the moulding process leaving a 
port through the moulding in order to provide optical 
access to and from the planar lens contained within the 
encapsulated device. 

The array of planar lenses may be produced by known 
techniques (i.e. dopant diffusion techniques) in one 
surface of a glass sheet which constitutes the assembly 
substrate. The size and positions of the diffused lenses 
may be accurately predetermined by first coating the glass 
sheet with a material (e.g. metal) which can be etched 
away to leave openings which faciltate the diffusion of 
dopants into the glass in order to produce the array of 
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planar lenses having the requisite optical 
characteristics. 

The other surface of the glass sheet may also be 
coated with metal which by the use of photolithographic 
methods can be etched away to leave inter alia an array or 
pattern of metal pads which may be used for achieving 
registration and bonding of optical devices to the glass 
substrate in accurate positional relationship with their 
appertaining lenses. For such bonding the metal pads may 
be coated with solder and bonded to corresponding solder- 
coated metal pads provided on the optical devices by using 
solder ref low/positioning techniques. Registration of the 
optical devices relative to the optical axes of the 
appertaining lenses can thus be achieved. 

In cases where thick films are required to be printed 
on the substrate for component interconnection purposes it 
may be necessary, in view of the high firing temperatures 
of thick-film materials to be used, for the thick-film 
circuit pattern to be printed on a sheet of silica which 
can then be bonded' to a sheet of glass in which the 
diffused planar lenses are produced. The glass sheet may 
be formed on the side thereof remote from the planar 
lenses with marks which can be aligned with marks on the 
silica sheet prior to bonding together the two sheets and 
thereby ensure correct registration of metal bonding pads 
or the equivalent (e.g. thick film pattern) on the silica 
sheet for receiving the optical devices relative to the 
planar lenses. 
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By way of example the present invention will now be 
described with reference to the accompanying drawings in 
which: 

Figures 1 and 2 are fragmentary cross-sectional and 
plan views of a planar diffused lens array produced on a 
glass substrate; 

Figures 3 and 4 are fragmentary cross -sectional and 
plan views of the glass substrate of Figures 1 and 2 
provided with an array of metallic bonding pads? 

Figure 5 shows an optical device located above a 
fragment of the substrate of Figures 3 and 4 in readiness 
for bonding thereto; 

Figure 6 shows the underside of the optical device 
shown in Figure 5; 

Figure 7 shows a fragmentary cross-sectional view 
through the planar lens substrate of Figure 5 having a 
plurality of optical devices bonded thereto? 

Figure 8 shows a single optical device mechanically 
bonded and electrically connected to its associated 
individual planar lens substrate unit? 

Figure 9 shows a single optical device mechanically 
bonded and electrically connected to its associated 
individual planar lens substrate unit, together with an 
integrated circuit package or bare chip (I.C.); 

Figure 10 shows one form. of encapsulated optical device 
bonded to a planar lens substrate unit and including 
electric terminal means; 
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Figure 11 shows an encapsulated form of the device 
shown in Figure 9? 

Figure 12 is a fragmentary sectional view of an 
alternative arrangement for locating an optical device 
relative to its associated planar lens; 

Figure 13 is a cross-sectional view of an encapsulated 
optical device with associated planar lens and fabricated 
for coupling to an optical connector input/output means; 
and r 

Figure 14 is a fragmentary cross-sectional view of a 
glass/silica composite lens substrate with printed thick- 
film circuitry thereon. 

The array of planar lenses shown in Figures 1 and 2 may 
be produced by coating a sheet of glass 1 (e.g. soda-lime or 
borosilicate) of suitable size and thickness with a coating 
2 of metal or other suitable material on its upper surface 
as viewed. in Figure 1 and then etching away circular areas 3 
of the coating material in order to expose the upper glass 
surface in those locations where planar lenses are to be 
formed. By means of a known diffusion process f suitable 
dopants are diffused into the glass, through the circular- 
openings 3 in the coating on the glass, so that an array of 
planar lenses 4 of generally hemispherical configuration are 
formed in the surface of the sheet of glass. An 
anti-reflection/protective coating 5 (Figure 1) may then be 
selectively deposited over the planar lenses 4. 
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As has been explained previously, the planar lenses 4 
which form an integral part of the lens substrate 6 are 
intended to be used in association with individual optical 
devices (e.g» light-emitting diodes, photodiodes, photo- 
transistors etc) and for the purpose of bonding such optical 
devices to the underside of the lens substrate 6, a pattern 
or array of metallic bonding pads are formed on the 
underside of the substrate as can be seen in Figures 3 and 
4. These bonding pads shown at 7 in Figures 3 and 4 may be 
formed by coating the underside of the glass sheet 1 with 
metal (preferably at the same time as coating the upper 
surface of the glass sheet with metal prior to diffusion of 
the planar lenses) and thereafter by use of a photo 
lithographic process etching away the metal to leave the 
pattern of metal pads as shown, which are accurately 
positioned in predetermined relationship with the optical 
axes of the planar lenses as indicated at 8 in Figure 3, in 
order to ensure that subsequent positioning of the bonded 
optical devices by means of these pads correctly locates the 
optically responsive or generative parts of the devices 
relative to the optical axes of their appertaining lenses 

The metal pads 7 are then coated with a suitable solder 
(e.g. lead-tin, lead-indium or gold-tin etc) by selective 
deposition or by applying an overall layer of solder and 
then selectively etching away the solder between the metal 
pads • 
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The deposition of solder may be accomplished by the use 
of sputtering, evaporation or electro-plating techniques . 
Groups of solder-coated bonding pads positioned around a 
planar lens, such as the metal pads 7 in Figure 5, may then 
be aligned with correspondingly positioned solder coated 
bonding pads 9 (see Figure 6) provided on the underside of 
an optical device 10 and the device 10 bonded to the lens 
substrate 6 by producing reflow of the solder deposited on 
the bonding pads. As can be seen from Figure 6, the optical 
device 10 includes a circular, optically responsive or 
generative surface 11 which needs to be centralised with 
respect to the optical axis of the planar lens 4. It may 
here be mentioned that as the optical device 10 and the 
substrate 6 are brought together for bonding purposes, a 
degree of misalignment between them can be tolerated since 
the surface tension effects in the solder during the solder 
reflow process will pull the optical device 10 into its 
correct position relative to the optical axis of the lens. 

Figure 7 of the drawings shows a number of optical 
devices 10 bonded to the underside of the lens substrate 6. 
The electrical connections between the optical device and 
the substrate may be made through the bonding pads and 
further metallised areas which may have been formed during 
the pad etching process referred to earlier. One such 
electrical connection arrangement is depicted in Figure 8 
which shows the metallised areas 12 and 13 on the underside 
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of a lens substrate unit 14 which comprises one of a 
multiplicity of similar substrate units produced by dividing 
(e.g. sawing) the lens substrate 6 along the lines 15 and 16 
indicated in Figures 4 and 7. In this particular Figure 8 
arrangement, the metallised area 13 is connected to the base 
contact of the optical device 10 by means of a wire bond 17 
whilst the other contact of the device 10 will be connected 
via one of the bonding pads (not shown) to the metallised 
area 12. Terminals 18 and 19 are then bonded to the 
metallised areas 12 and 13 respectively. 

Figure 9 shows a modified arrangement in which an 
optical device 10 is bonded to a planar lens substrate unit 
14 in the manner already described, but in addition to the 
optical unit, the substrate unit carries other components , 
such as an integrated circuit package 20 which may be in 
silicon or gallium arsenide or transistors (e.g. FET) and 
passive components which may be electrically interconnected 
with each other by means of thick or thin film circuitry 21 
formed on the substrate unit 14. The integrated circuit 
package 20 which may be packaged in a chip carrier to 
provide a pre-tested hermetically sealed device may be 
solder bonded to the substrate unit 14. A bare chip may be 
bonded by well-known flip-chip bonding techniques or by 
attaching to diffused lens substrate and interconnecting by 
wire bonding. Terminal pins (not shown) may be bonded to 
the metallised areas (e.g. areas 22 extending to the edges 
of the substrate unit 14). The active components, such as 
the device 10 and the integrated circuit package 20 could 
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be protected by coating them with suitable polymers. 
However, as an alternative arrangement the active 
components, including the optical device 10 and the 
integrated circuit 20 may be encapsulated by positioning a 
cover 23 of suitable insulating material over the components 
as shown in Figure 10 and the cover may then be hermetically 
bonded to the substrate unit 14. This cover may be designed 
to provide EMI shielding of the components within the 
encapsulated structure. Connecting terminals 24 which may 
be provided by the leads of a lead frame (not shown) are 
bonded to the metallised areas 25. 

A further modification is shown in Figure 11 , in which 
the active components as well as the lens substrate unit are 
encapsulated within a plastics moulding 26 from which 
terminals 27 conveniently provided by the leads of a lead 
frame (not shown) extend and in which an optical port 28 is 
provided to afford optical access to the diffused lens 4 of 
the encapsulated substrate unit. 

From a consideration of Figure 12 of the drawings , it 
can be seen that the underside of the glass lens substrate 6 
is provided with cylindrical protrusions, one of which is 
shown at 29 located co-axially in relation to the optical 
axes 8 of the planar lenses 4. These protrusions which may 
be produced by etching using lithographic techniques are 
arranged to register with cylindrical indentations, such as 
that shown at 30 in the optical device 31, in order to 
position the optical devices accurately with respect to the 
optical axes of the lenses 4. This technique may be used as 
an alternative, or, as an addition, to the solder reflow 
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bonding-registration techniques referred to earlier* 

It will be observed that the upper face of the lens 
substrate 6 may also be etched away to provide cylindrical 
protrusions/ one of which is shown at 32 , concentric with 
the faces of the planar lenses 4. Such an arrangement may 
be utilised in the manner shown in Figure 13 for the 
alignment of a planar lens 4 of an opto-electronic device 
with an integral planar lens 33 of an optical fibre 
connector 34. As shown, the connector part 34 may have a 
moulded head 35 with a cylindrical opening 36 for receiving 
a cylindrical extension 37 of the plastics moulding 38 
encapsulating the lens substrate and optical device. 

In some cases where it is required to provide thick- 
film circuitry on the lens substrate, the firing temperature 
required may be too high (e.g. 850°C) to enable the printing 
of the circuitry to be effected on the glass sheet 1. 
Consequently, in such cases the thick-film circuitry 3 9 may 
be printed on a sheet of silica 40, as shown in Figure 14 
and the sheet bonded to a glass sheet 41 in which planar 
lenses 4 have been diffused. The bonding of the glass and 
silica sheets 40 and 41 together to form the lens substrate 
so that the two sheets are correctly positioned relatively 
to one another, may be achieved by aligning registration 
marks. 42 on the respective sheet prior to bonding. 



_0164834A1_I_> 



-11- 



01 64834 



As will be appreciated from the foregoing description 
of a number of embodiments of the invention, the invention 
provides a relatively cheap and simple process for the larg 
scale production of opto-electronic devices having integral 
planar lenses. 
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CLAIMS : 

1* A method of fabricating optical devices with 
associated coupling lenses comprising the steps of 
producing in one surface of a substrate of suitable 
material or materials a predetermined array of planar 
diffused lenses and forming or otherwise producing on the 
opposite surface of the substrate remote from said planar 
lenses but in predetermined positional relationship to 
said lenses in the general planar direction of :he 
substrate an array or pattern of metallic bonding pads or 
other registration means co-operable with corresponding 
pads or other means provided on a multiplicity of optical 
devices for the accurate registration of such devices 
relative to the optical lenses following which the 
substrate may be divided into a multiplicity of parts each 
of which comprises at least one optical device having an 
associated planar lens. 

2. The method as claimed in claim l r in which for the 
purpose of bonding the optical devices to the substrate 
the metallic bonding pads on the substrate and the optical 
devices are coated with solder and solder re-flow/ 
positioning techniques are then employed to actually 
effect the bonding of the devices to the substrate. 
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3. The method as claimed in claim 1 or claim 2, in which 
before dividing the lens substrate additional electronic 
components are bonded to a suitable metallic 
interconnection pattern formed on the surface of -the 
substrate remote from the planar lenses. 

4. The method as claimed in claim 3, in which the 
electronic components are packaged, encapsulated or 
otherwise suitably enclosed. 

5. The method as claimed in claim 3 or claim 4, in which 
after dividing up the substrate assembly into individual 
opto-electronic devices the devices are electrically 
connected to the lead wires of appertaining lead frames 
prior to final encapsulation of the devices by a plastics 
moulding process, the lead wires extending from the 
encapsulated devices and the moulding process leaving a 
port through the moulding in order to provide optical 
access to and from the planar lens contained within the 
encapsulated device, 

6. The method as claimed in any preceding claim, in 
which a dopant diffusion technique is used to produce the 
array of planar lenses in one surface of a glass sheet 
which constitutes the assembly substrate, the size and 
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positions of the diffused lenses being accurately 
predetermined by first coating the glass sheet with a 
material which may be etched away to leave openings which 
facilitate the diffusion of dopants into the glass in 
order to produce the array of planar lenses having the 
requisite optical characteristics. 

7. The method as claimed in claim 6, in which the 
surface of the glass sheet remote from the planar lenses 
is coated with metal which by the use of photolithographc 
methods is etched away to leave an array of metal pads for 
achieving registration and bonding of optical devices to 
the glass substrate in accurate positional relationship 
with their appertaining lenses. 

8. The method as claimed in clain 3, in which the 
metallic interconnection pattern comprises a thick-film 
circuit pattern printed on a sheet of silica which is 
bonded to a sheet of glass in which the diffused planar 
lenses are produced. 

9. The method as claimed in claim 8, in which the glass 
sheet is formed on the side thereof remote from the planar 
lenses with marks which can be aligned with marks on the 
silica sheet prior to bonding together the two sheets and 
thereby ensure correct registration of metal bonding pads 
or the equivalent on the silica sheet for receiving the 
optical devices relative to the planar lenses. 
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10. Opto-electronic devices produced by the method 
claimed in any preceding claim. 
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